The 80-kDa human sperm antigen (HSA) has demonstrated to be a promising candidate for development of an antifertility vaccine because it is a sperm-specific, conserved, and immunogenic protein. The present study demonstrates the androgen-regulated expression of 80-kDa HSA in testis and epididymis of rat by immunohistochemistry (IHC), using its specific antibodies. Developmental expression of 80-kDa HSA was investigated on days 10, 20, 40, 60, and 90 of age in the testis and epididymis by IHC, and relative staining intensity was estimated by image analysis using BIOVIS software. On days 10 and 20, no significant staining was observed in the testis and epididymis, whereas it gradually increased from day 40 onwards. The highest staining was seen on day 90 in both testis and epididymis. Gradual increase in expression of 80-kDa HSA after day 40 suggests that it is possibly regulated by androgen. To study the androgen-regulated expression of 80-kDa, adult male rats were treated with 75 mg/kg body weight of ethylene dimethane sulfonate (EDS), which selectively destroys Leydig cells and thus induces complete androgen withdrawal. It was observed that the staining intensity decreased following EDS treatment in rat testis as well as epididymis, and it was regained after supplementation with dihydrotestosterone. Increased expression during sexual maturation at the time of testosterone surge and its regulation by antiandrogen/androgen treatment suggest androgen-dependent expression of 80-kDa HSA in rat testis and epididymis. (J Histochem Cytochem 55:753-762, 2007) 
SPERMATOZOA possess a number of proteins essential for the normal fertilization process. Some of these proteins are sperm specific, whereas others are also expressed in somatic tissues and also share involvement in normal physiological processes. The proteins, which are specific to spermatozoa, have been identified using different approaches (Linnet and Hjort 1977; Lee et al. 1983; Handley et al. 1988; Khole et al. 2000; Flickinger et al. 2001 ) and characterized for the purpose of antifertility vaccine development. Candidate antigen for the purpose of immunocontraception must be sperm specific, conserved, immunogenic, and responsible for inducing immunological infertility. Based on these prerequisites, some of the sperm proteins were found to be promising candidates for development of a contraceptive vaccine (Primakoff et al. 1988; O'Hern et al. 1995; Herr 1996; Naz and Zhu 1998) .
The 80-kDa human sperm antigen (HSA) has been proven to be one of the promising candidate antigens for development of an antifertility vaccine because it is sperm specific, conserved, highly immunogenic, and induces immunological infertility following active/ passive immunization. The 80-kDa HSA is a glycoprotein initially identified from human sperm extract by Western blot technique using serum of an immunoinfertile woman (Bandivdekar et al. 1991 (Bandivdekar et al. ,1992 . Active immunization of male and female rats with purified 80-kDa HSA resulted in infertility (Bandivdekar et al. 1991 (Bandivdekar et al. ,1992 (Bandivdekar et al. ,2001a . Moreover, the partial N-terminal amino acid sequence of 80-kDa HSA (peptide NT) and the amino acid sequence corresponding to its peptides obtained by endoproteinase Lys-C digestion (peptides 1, 2, 3, and 4) and by endoproteinase Glu-C digestion was determined. All peptides did not show homology with any of the specific known proteins in the protein database. Peptides NT 1, 2, 3, and 4 were synthesized, conjugated to KLH, and used as an immunogen. These peptides, with the exception of peptide 3, elicited significant antibody titer in rabbits and mimicked immunobiological properties of native protein (Bandivdekar et al. 2001b) . Passive administration of antibodies to peptides NT 1, 2, and 4 rendered male and female rats infertile (Vernekar et al. 2004; Bandivdekar et al. 2005) . Immunofluorescent studies demonstrated its specific localization on rat and human spermatozoa (Bandivdekar et al. 1992 (Bandivdekar et al. ,2001a . By means of immunohistochemistry (IHC), the antigen was found to be specifically localized in the human testis and epididymis but absent in other somatic tissues such as brain, kidney, liver, heart, lung, spleen, intestine, appendix, and nerve (Bandivdekar et al. 2001a) .
The present study describes the developmental expression of the 80-kDa HSA and its androgendependent expression in the rat testis and epididymis.
Materials and Methods

Animals
Belgium albino rabbits and Holtzman rats used for the study were bred at the Institute's animal house. Rats were housed in-group of four per cage, whereas rabbits were caged individually under standard laboratory conditions in an illuminationcontrolled room at 25C. Animals were provided with standard chow twice daily and water was supplied ad libitum.
Ethical clearance for use of animals for experimentation was obtained from the Institutional Animal Ethics Committee prior to the initiation of the study. Experiments were performed in accordance with the Guiding Principles for the Care and Use of Laboratory Animals.
Purification of 80-kDa HSA and Generation of Antibodies in Rabbits
The 80-kDa HSA was purified from human sperm extract as described earlier (Bandivdekar et al. 1991 (Bandivdekar et al. ,2001a . In brief, the sperm pellet obtained by centrifugation of semen sample was washed three times with 0.01 M PBS, pH 7.4, and sperm proteins were solubilized with 0.05% (w/v) sodium deoxycholate (Sigma; St Louis, MO) in 0.01 M Tris-HCl buffer, pH 8. Solubilized sperm proteins were then fractionated with 40% (w/v) ammonium sulfate (Qualigens; Mumbai, India). The supernatant was then further fractionated by sequential gel permeation chromatography followed by ion-exchange chromatography using fast protein liquid chromatography. Antigen purity was ascertained by SDS-PAGE.
Homogeneous 80-kDa HSA was used as an immunogen to generate polyclonal antibodies in rabbits. Belgium albino white rabbits were actively immunized with 100 mg of purified 80-kDa HSA emulsified with Freund's complete adjuvant (Sigma). Booster injections of 100 mg each of purified 80-kDa HSA emulsified with Freund's incomplete adjuvant (Sigma) were administered at 4-week intervals. Animals were bled at 2-week intervals and sera harvested. Antibody titer was determined by ELISA using the purified 80-kDa HSA as well as sperm extract-coated wells. Antibody specificity was checked by Western blot analysis of sperm extract.
Western Blot Analysis
Sperm proteins were resolved on discontinuous polyacrylamide gel (5% stacking and 12% resolving gel) at constant voltage (100 V) on a Bio-Rad minigel apparatus (Mini-Protean II; Bio-Rad, Richmond, CA) using the method of Laemmli (1970) . Proteins were transferred to a nitrocellulose membrane at 100 V for 1 hr with cooling (Towbin et al. 1979) . The unoccupied sites on the membrane were blocked by incubating with PBS containing 10% (w/v) non-fat dry milk powder for 2 hr at room temperature on a rocking platform. The membrane was then incubated for 1½ hr with antibodies to 80-kDa HSA raised in rabbits diluted 1:200 with PBS. After washing twice with PBS containing 0.1% Tween-20 and once with PBS, the membrane was further incubated with alkaline phosphatase-conjugated goat antirabbit gamma globulin (Banglore Genei; Banglore, India) Figure 1 Homogeneity of purified 80-kDa human sperm antingen (HSA) was checked by SDS-PAGE. The protein resolved on 12% SDS-PAGE and was silver stained showing a single band of z80 kDa (B). Specificity of the polyclonal antibody raised in rabbits using this homogeneous protein was checked by Western blot analysis of sperm extract. Antibody specifically reacted with a single protein band of 80-kDa HSA (C). Preimmune serum did not show any reactivity (A). diluted to 1:1000 in PBS. The membrane was washed similarly as mentioned above, and the immunoreactive proteins were visualized using nitroblue tetrazolium and 5-bromo-4chloro-3-indolyl phosphate (NBT-BCIP; Banglore Genei) as a substrate.
Indirect Immunofluorescence Staining of Marmoset Spermatozoa
Indirect immunofluorescent localization of 80-kDa HSA was evaluated on live as well as fixed rat spermatozoa from cauda epididymis. For staining of live spermatozoa, sperm were washed and suspended to the concentration of 10 3 10 6 sperm/ml in Ham's F-10 nutrient medium (HiMedia; Mumbai, India) containing 0.2% BSA (sperm-washing medium); 0.2 ml of sperm suspension was incubated for 30 min in the presence of Ham's F-10 medium containing 5% BSA (wt/v) to block nonspecific sites at 37C. Following centrifugation, the sperm pellet was incubated for 1 hr at 37C with a 1:100 dilution of either polyclonal antibodies to 80-kDa HSA raised in rabbit or with preimmune rabbit sera (negative control). The sperm suspension was washed four times with sperm-washing medium and then incubated with 1:50 diluted fluorescein isothiocynate (FITC)-conjugated goat anti-rabbit gamma globulin for 1 hr at 37C in the dark. The sperm suspension was washed four times with sperm-washing medium as described previously and mounted on slides with coverslips using 90% glycerol solution as mountant containing p-phenylenediamine dihydrochloride (PPD; Sigma). Sperm preparations were examined for fluorescence using an Axioplan2 epifluorescence microscope (Carl Zeiss; Oberkochen, Germany) using open lab software.
For staining of fixed spermatozoa, sperm were collected and washed three times with PBS by centrifugation at 700 3 g for 10 min and then resuspended in PBS at a concentration of 5 3 10 6 sperm/ml. This sperm suspension was smeared on glass slides, air dried, fixed in 4% (wt/v) paraformaldehyde in PBS for 10 min at 4C, and then washed three times in PBS for 10 min each. Nonspecific sites were blocked for 2 hr using PBS containing 5% (wt/v) BSA, and preparations were placed in a humidified air chamber at 37C. Excess of blocking buffer was removed before incubation with primary antibody. Slides were incubated overnight at 4C with 1:100 dilution of either polyclonal antibodies to 80-kDa HSA raised in rabbit or with preimmune rabbit sera (negative control). Slides were washed four times with plain PBS for 10 min each and then incubated with 1:50 diluted FITC-conjugated goat anti-rabbit gamma globulin for 2 hr at 37C in the dark. Slides were washed with PBS as described previously, mounted, and examined as stated above.
IHC Localization of 80-kDa HSA in Testis and Epididymis of Rats at Different Ages Testis and epididymis of rats (n54 of each age group) at 10, 20, 40, 60 and 90 days of age were collected, fixed in Bouin's solution, and embedded in paraffin (Qualigens). Five-mmthick tissue sections were cut on a microtome (Leica; Wetzlar, Germany) and mounted on glass slides. After deparaffinization, sections were immersed in a solution of methanol (Qualigens) containing 0.5% (v/v) hydrogen peroxide (H 2 O 2 ) for 1 hr to quench endogenous peroxidase activity. Following rehydration, slides were rinsed with PBS. Nonspecific binding was blocked by incubating sections with 20% (v/v) normal goat serum in PBS containing 3% (w/v) BSA (Sigma) for 2 hr at room temperature. Slides were incubated overnight at 4C in a humidified chamber with rabbit anti-80-kDa HSA antibody diluted to 1:100 in PBS or preimmune serum as negative control diluted similarly to 1:100. Sections were washed three times in PBS and incubated for 1 hr with horseradish peroxidase-conjugated goat anti-rabbit gamma globulin (Banglore Genei) diluted to 1:200. Following washing three times with PBS, the slides were incubated with 0.05% (w/v), 3-3 ¶ DAB in PBS containing 0.2% (v/v) H 2 O 2 . Following washing for 10 min, nuclei were counterstained with hematoxylin solution and mounted using DPX (Qualigens). Slides were processed as entire batches to limit variability in immunoreactivity for subsequent image analysis.
Quantitative Image Analysis
Staining intensity was analyzed using BIOVIS Image Plus Software (Expert Vision Labs Pvt Ltd; Mumbai, India) to assess the relative levels of expression of 80-kDa HSA in testicular and epididymal sections of rats from different groups. Five different areas were digitally captured at random within Figure 2 Immunofluorescent localization of 80-kDa HSA in live and 4% paraformaldehyde-fixed rat spermatozoa. Localization of 80-kDa HSA was observed on the acrosomal region of live spermatozoa (A) and acrosomal and tail region of fixed spermatozoa (B). In the negative control, the sperm samples were probed with preimmune serum, which did not show any positive staining (C).
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Regulation of 80-kDa HSA Expression Figure 3 Immunohistochemical (IHC) localization of 80-kDa HSA in testis of rat at different ages. Expression of 80-kDa HSA gradually increased from days 40 (E), 60 (C), and 90 (A), whereas on days 10 (I) and 20 (G) no significant staining was observed in the testis. Corresponding age-matched negative controls (B,D,F,H,J) that were probed with preimmune serum did not show significant staining. Bar 5 40 mm. the testicular and epididymal sections of each rat, providing a systematic survey throughout each region for each case using a live color video camera mounted onto a Zeiss Axioplan microscope (Carl Zeiss) with a neutralizing blue filter. All parameters including the lamp intensity video camera setup and microscope calibration were held constant. Immunore-activity of each tissue section was measured by subtracting integrated optical density (IOD) of the staining of the sections treated with preimmune sera (negative control) from that of the IOD of the staining of the sections treated with immune sera (test). Data were plotted as the immunoreactivity per field 6 SD for each group.
Figure 4 IHC localization of 80-kDa HSA in epididymis of rats at different age. Expression of 80-kDa HSA in caput on day 90 (A), 60 (B), 40 (C), and 20 (D); in corpus on day 90 to 20 (I-L); and in cauda on day 90 to 20 (Q-T). Expression of 80-kDa HSA gradually increased from day 40 whereas no significant staining was observed on day 20. Corresponding age-matched negative controls E-H for caput, M-P for corpus, and U-X for cauda that were probed with preimmune serum did not show significant staining. Bar 5 50 mm.
Regulation of 80-kDa HSA Expression
Localization of 80-kDa HSA in Testis and Epididymis of Ethylene Dimethane Sulfonate (EDS)-treated Rats
Androgen-regulated expression of 80-kDa HSA was studied in 90-day-old adult male rats weighing z250 6 25 g.
To induce androgen withdrawal, rats received a single IP injection of 75 mg/kg EDS (Sigma) in DMSO and water (1:3 v/v). In another group of EDS-treated rats, 250 mg dihydrotestosterone (DHT; Sigma) was administered IP in 100 ml olive oil daily from day 5 of EDS treatment. Control animals were also administered an equal volume of DMSO: water (1:3 v/v) to parallel the EDS treatment.
Animals were sacrificed on the 10th day after the injection of DMSO or EDS, and the testis and epididymis were fixed in Bouin's solution and processed for IHC using antibodies to 80-kDa HSA as described above. Animals were bled on day of EDS treatment (day 1) and then on days 5 and 10 and sera harvested. Serum androgen levels of all animals were estimated by radioimmunoassay (RIA).
Testosterone Assay
Serum testosterone levels were estimated in the samples (n536) by RIA using the method described earlier (Gupta et al. 1975; Corker and Davidson 1978) . In brief, steroids were extracted twice from 50 ml of serum sample with 5 ml of ether (Qualigens). Both extracts were pooled and allowed to evaporate. Steroids were reconstituted in 2 ml of PBS containing 0.1% (w/v) of gelatin. Five hundred ml of the reconstituted sample was incubated overnight at 4C with 100 ml of 1:10,000 diluted antibody to testosterone [having cross-reactivity with 5a-DHT (23%), 11 b-hydroxytestosterone (2.8%), 5b-DHT (2%), androstenedione (1.7%), 11a-epitestosterone (1.5%), 5a-androstane-3b, 17b-diol (1.3%), and minimal with other androgens; Sigma] and 100 ml (z10,000 cpm) of [1,2,6,7-3 H]labeled testosterone (Amersham Biosciences; Buckinghamshire, UK). Free-labeled testosterone was absorbed by addition of 500 ml of dextran-coated charcoal at 4C. Radioactivity was counted on a scintillation counter (Beckman Coulter; Fullerton, CA). Steroid recovery was 90 6 5. Sensitivity of the assay was 30 pg/ml, and inter-and intraassay coefficients of variation were 12% and 8.5%, respectively (n510 assays).
Statistical Analysis
Data were analyzed by ANOVA with Dunnet's multiple range tests using SPSS for Windows (v. 11.0; SPSS Inc., Chicago, IL) to ascertain the significance of variance of 80-kDa HSA expression among different groups of rats. Data were expressed as mean 6 SD; p values 0.05 or less were considered statistically significant.
Results
Purification of 80-kDa HSA and Characterization of Antibodies to 80-kDa HSA Homogeneous 80-kDa HSA was obtained following sequential gel permeation and ion-exchange chromatography of human sperm extract. Purified protein showed the single protein band of z80 kDa following SDS-PAGE (Figure 1) . Immunization of rabbits with purified 80-kDa HSA elicited a gradual increase in antibody titer. Antibodies specifically reacted with purified 80-kDa HSA as well as sperm extract coated into the wells of microtiter ELISA plates. Western blot analy- Figure 5 Graphic representation of quantitative analysis of the staining intensity showing developmental expression of 80-kDa HSA in rat testis and epididymis. Data are expressed as mean of the immunoreactivity 6 SD (n520). Statistical analysis by ANOVA showed a significant increase in the expression of 80-kDa HSA from days 40, 60, and 90, whereas on days 10 and 20 no significant immunoreactivity was observed in the testis (p,0.05).
Figure 6
Graphic representation showing the effect of ethylene dimethane sulfonate (EDS) and supplementation of dihydrotestosterone (DHT) on serum androgen levels. Data are expressed as mean of the androgen level (pg/ml) 6 SD (n54). Statistical analysis by ANOVA showed a significant decrease in the androgen levels of EDS-treated rats, and these levels increased significantly following DHT supplementation ( p,0.05). sis of sperm extract using antibodies to 80-kDa HSA showed the specific reactivity with a single 80-kDa protein band (Figure 1) . Preimmune serum did not show any reactivity.
Localization of 80-kDa HSA in Rat Sperm
Immunofluorescent localization of 80-kDa HSA using its specific antibody raised in rabbits was observed predominantly on the acrosomal region of live and Figure 7 IHC localization of 80-kDa HSA in testis of rats treated with EDS only and EDS supplemented with DHT. Expression of 80-kDa HSA was suppressed significantly in rats treated with EDS (C) as compared with that of vehicle control group (A) and was increased significantly in the EDS-treated rats following supplementation with DHT (E). No staining was observed in negative controls that were probed with preimmune rabbit serum (B,D,F). Bar 5 50 mm.
fixed rat spermatozoa. In the case of immunofluorescent localization of fixed spermatozoa, the protein was also localized on the tail region ( Figure 2) . Sperm incubated with preimmune rabbit serum as the negative control did not show any staining.
Developmental Expression of 80-kDa HSA Figure 3 and Figure 4 show the IHC localization and Figure 5 shows the estimate of immunoreactivity of 80-kDa HSA in testis and epididymis of 10-, 20-, 40-, 60-, and 90-day-old rats. Staining intensity or the immunoreactive expression of 80-kDa HSA gradually increased from day 40 onwards, whereas on days 10 and 20 no significant staining was observed in the testis and epididymis of the rats. The significantly increased expression of antigen from day 40 is suggestive of androgen-dependent expression of 80-kDa HSA in the testis and epididymis.
Androgen-regulated Expression of 80-kDa HSA IP administration of a single dose of EDS (75 mg/kg body weight) resulted in selective elimination of Leydig cells with endogenous suppression of androgen levels. In the animal control group, seminiferous tubules and interstitium were found tightly packed in the testis, whereas no histologically recognizable Leydig cells were detected on day 10 in the testicular sections of rats treated with EDS. Testosterone levels were suppressed in the EDS-treated animals. Circulating androgen levels were elevated following supplementation of EDStreated animals with DHT to replace endogenous androgen levels ( Figure 6 ). Immunohistochemically, expression of 80-kDa HSA (Figure 7 and Figure 8 ) and the estimated immunoreactivity (Figure 9 ) in the testicular and epididymal sections decreased significantly (p,0.05) following EDS treatment as compared with that of the vehicle control group. Expression of 80-kDa HSA was significantly increased following supplementation of EDS-treated animals with DHT as compared with that of animals treated only with EDS (p,0.05).
Discussion
The 80-kDa HSA is a sperm-specific, immunogenic, and conserved protein responsible for inducing immunological infertility in both male and female rats, suggesting its suitability as a candidate antigen for the development of a contraceptive vaccine (Bandivdekar et al. 1991 (Bandivdekar et al. ,1992 (Bandivdekar et al. ,2001a . The partial N-terminal amino acid sequence of 80-kDa HSA (peptide NT) and the amino acid sequence of its peptides obtained by enzymatic digestion (peptides 1-6) revealed no significant sequence homology with any of the known proteins in the gene bank (Bandivdekar et al. 2001a,b) . Subsequently, peptides NT 1, 2, and 4 were synthesized, and these peptides were demonstrated to immunobiologically mimic the native protein. Passive administration of antibodies to these peptides rendered male and female rats infertile (Vernekar et al. 2004; Bandivdekar et al. 2005) .
Western blot analysis of sperm extract reacted specifically to a single protein band of 80 kDa with rabbit anti-80 kDa HSA antibody. This suggests that the antibody used for the study was highly specific to 80-kDa HSA. Immunohistochemically, it was observed that 80-kDa HSA is specifically expressed in human testis and epididymis and not in other somatic tissues (Bandivdekar et al. 2001a ). The present study evaluates the regulation of 80-kDa HSA expression in rat testis and epididymis. It was observed that expression of 80-kDa HSA gradually increased in the testis and epididymis of rats after Figure 9 Graphic representation of quantitative analysis of the staining intensity showing androgen-regulated expression of 80-kDa HSA in rat testis and epididymis. Data are expressed as mean of the immunoreactivity 6 SD (n520). Statistical analysis by ANOVA showed a significant decrease in immunoreactivity after EDS treatment (p,0.05), whereas it increased significantly after DHT supplementation as compared with EDS treatment.
' Figure 8 IHC localization of 80-kDa HSA in epididymis of EDS-treated and DHT-supplemented rats. Expression of 80-kDa HSA was suppressed significantly in rats treated with EDS (B,H,N) as compared with that of vehicle control group (A,G,M). Expression of 80-kDa HSA was increased significantly in the EDS-treated rats following supplementation with DHT (C,I,O) as compared with EDS-treated rats. No staining was observed in negative controls that were probed with preimmune rabbit serum (D-F,J-L,P-R). Bar 5 44 mm. day 40. No significant expression of 80-kDa HSA was observed in the testis and epididymis of rat on days 10 and 20, suggesting the onset of its expression with initiation of puberty.
Increased expression after day 40 relates to the distinct elevation of androgen levels in the rat during sexual maturation (Premchandran and Hegde 1991) , suggesting that expression of 80-kDa HSA is possibly regulated by androgen. The effect of androgen on expression of 80-kDa HSA was investigated by treatment of adult male rats with Leydig cell toxin, EDS, followed by supplementation with DHT. EDS treatment has been reported to cause selective destruction of Leydig cells with suppression of testicular and serum testosterone level, and the effect was reversed after day 21 following treatment (Morris et al. 1986; O'Leary et al. 1987; Yang et al. 2006) . The present study also demonstrates suppression of androgen levels following EDS treatment, which resulted in suppression of 80-kDa HSA expression in testis and epididymis. DHT supplementation following EDS treatment resulted in elevation of androgen levels with a significant increase in 80-kDa HSA expression.
In conclusion, the present study demonstrates that 80-kDa HSA is developmentally expressed. The gradual increase in the expression of 80-kDa HSA in the testis and epididymis of adult rat appears to be directly correlated with the increase in androgen levels. Data suggest the androgen-dependent expression of 80-kDa HSA.
